Abstract A review of prospectively collected data in our trauma unit for the years 1998-2003 was undertaken. Adult patients who suffered multiple trauma with an Injury Severity Score (ISS) of ≥16, admitted to hospital for more than 72 hours and with sustained blunt chest injuries were included in the study. Demographic details including prehospital care, trauma history, admission vital signs, blood transfusions, details of injuries and their abbreviated injury scores (AIS), operations, length of intensive care unit and hospital stays, Injury Severity Score (ISS) and mortality were analysed. Fulfilling the inclusion criteria with at least one chest injury were 1,164 patients. The overall mortality reached 18.7%. As expected, patients in the higher AIS groups had both a higher overall ISS and mortality rate with one significant exception; patients with minor chest injuries (AIS chest =1) were associated with mortality comparable to injuries involving an AIS chest =3. Additionally, the vast majority of polytraumatised patients with an AIS chest =1 died in ICU sooner than patients of groups 2-5.
Introduction
Blunt chest injuries can potentially pose a threat to the airway, breathing and circulation in the traumatised patient, thus directly affecting the clinical course and outcome [9] . In the United States and Europe, the mortality rate in patients with blunt chest trauma can be as high as 60% [9] . Moreover, 20-25% of deaths in polytrauma patients are attributed to chest injury [9] . These numbers justify the presence of extensive literature related to chest injuries where the difference in epidemiology and clinical outcomes between adults and children has been well documented [23] as well as the effects between patients with flail chest vs. pulmonary contusion [9] . Authors have also effectively analysed the impact of age, rib fractures [4] , pulmonary contusion [13] , pelvic fractures [11] , intramedullary nailing [5] and the role of analgesia [7] .
Despite extensive reports relevant to blunt chest trauma in the literature, systematic quantification of the impact of chest injury severity on the outcome of polytraumatised patients has been sparse. Recent evidence has indicated that polytraumatised patients with blunt chest trauma present significant differences in mortality and morbidity among different healthcare systems [12] . This necessitates further analysis of blunt chest trauma and auditing of the factors and treatment strategies that could improve outcome. D r i v e r F r o n t s e a t p a s s e n g e r R e a r p a s s e n g e r P e d e s t r i a n M o t o r c y c l i s t B i c y c l i s t N o t K n o w n P i ll i o n p a s s e n g e r Chart 1 Mechanism of chest injury after road traffic accident (RTA)
The purpose of this study therefore was to investigate the incidence and outcome of chest injuries after blunt trauma in polytrauma patients admitted to a level I trauma centre over a six-year period.
Patients and methods
A review of prospectively collected data in our trauma unit for the years January 1998 through January 2003 was undertaken. This collection of data forms part of the trauma audit and research networks (TARN) ongoing study into the epidemiology of trauma in the United Kingdom. TARN includes data from 50% (n=121) of all hospitals receiving trauma patients in England and Wales.
For this study, inclusion criteria included adult patients (older than 16 years) who suffered multiple trauma with an Injury Severity Score (ISS) [3] of ≥16, admitted to hospital for more than 72 hours and having sustained chest injuries. Isolated injuries to the head and/or to the abdomen, patients with burns or inhalation injuries as well as patients transferred to other units within 48 hours of admission were excluded.
Data collected included demographic details, pre-hospital care, trauma history, admission vital signs, fluid and blood product resuscitation requirements, details of injuries and their severity scores (Abbreviated Injury Score, AIS) [1] , operations, length of intensive care unit and hospital stays, the overall Injury Severity Score (ISS) [3] and mortality.
The SPSS v. 11, (SPSS Inc., Chicago, IL, USA) software was used for statistical analysis (Chicago, IL). Parametric and non-parametric tests were used as appropriate to assess continuous variables for significant differences between groups. The Students t-test and Mann-Whitney U tests were employed. Dichotomous variables were assessed using a chi-squared test. For all outcomes statistical significance was assumed at the p<0.05 level.
Results
Over the six-year period, out of 25,467 trauma patients admitted in our institution there were 1,164 (4.57%) patients with at least one chest injury who fulfilled the inclusion criteria of this study, of which 838 were male and 326 female. The mean age was 40.8 years (median 37, range 16-100; Table 1 ).
Mechanism of injury
Road traffic accidents (RTA) were overall the most common mechanism of injury accounting for 57.01% of the patients. Of these, 19.4% were pedestrians, 16.5% drivers of a motor vehicle and 8.6% were motorcyclists (Chart 1). Falls accounted for 22.96% and 10.06% were due to assaults. Other causes included sports injuries (1.38%) and non-accidental injuries (0.77%). In 7.82% of the cases the mechanism of injury was not clear (Table 2) . Mean number of chest injuries 
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Chest injuries
The chest injuries were classified according to the Abbreviated Injury Severity score (AIS) [1] . The distribution of patients in each group, their associated vital signs on admission and mortality rates are shown in Table 1 . Each patient had at least one chest injury (Chart 2). The most severe of these contributed to the patients overall Injury Severity Score (ISS). The most common injury was single or multiple rib fractures (33.3%) followed by lung contusion (15.5%). A simple or tension pneumothorax was present in 10% of the patients whereas a flail segment was present in 7% of the cases. Five percent had an injury to the heart or a large vessel in the chest and 4% had a haemothorax. A further 4% had a sternal fracture. Other injuries included injuries to the airways and thoracic spine (Table 3) .
Complications
The incidence of adult respiratory distress syndrome (ARDS), multi-organ failure (MOF), pneumonia and acute renal failure (ARF) was analysed (Table 1) . Patients with AIS chest score of 1 or 6 did not have any of the above complications. In the AIS chest 2 group, three had ARDS, four had pneumonia and two had acute renal failure (ARF). From the patients of the AIS chest 3 group, six had ARDS, six had pneumonia, five ARF and one patient had MOF. In the AIS chest 4 patient group, ten had ARDS, four had pneumonia, three had MOF and four had ARF. Finally, there were three ARDS, five pneumonias, one MOF and two ARF in those patients with an AIS chest of 5.
Admission to the intensive care unit
Of patients with an AIS chest 1 score, 25% were admitted to the ICU. The mean length of stay was 4.5 days. Similarly, 18% of the AIS chest 2 group of patients were admitted to the ICU for a mean length of stay of four days. Although the mean length of stay was similar in AIS chest groups 3, 4 and 5 (5.3, 6.3 and 6.1 days, respectively), the percentage of the patients admitted to ICU in these groups was significantly higher than the previous two groups (AIS chest 1 + AIS chest 2) (18% and 25% versus 42.9%, 44% and 45.5%, respectively). No patients with an AIS chest of 6 were admitted to the ICU (Table 1 ).
Blood transfusion requirements trauma room
There was no statistical difference between the six patient groups regarding the amount of blood transfused in the Table 4 and in Chart 3.
Associated injuries
Chart 4 demonstrates the severity of the associated head, abdominal and extremities injuries in each group of patients. An associated head injury was found in 50.1% of the patients with an AIS chest =1. This figure was significantly higher than all the other groups (p<0.05). The lowest percentage was noted in those patients with an AIS chest of 2 (18.8%). The percentages in AIS chest groups 3, 4, 5, and 6 were 34.8%, 39.1%, 42.1% and 40%, respectively. The mean GCS score in each patient group is summarised in Table 5 .
Of those with an AIS chest =1 score, 23.5% had associated abdominal injuries. The percentage in AIS chest group 2 was similar (20.9%), and groups 3 and 5 had 45.6% and 45% abdominal injuries, respectively. The incidence was 31% in group 4. The highest incidence was 60% in group 5.
Patients in AIS chest group 6 had the highest incidence (80%) of associated extremity injuries, followed by group 1 (72%). Groups 2 and 3 were similar (46.6% and 48%, respectively). The percentage in group 4 was 62.8% and that in group 5 was 58.7%.
Operations and investigations
A total of 111 (9.5%) patients underwent surgical treatment or specialist investigation of their chest injury. There were no patients in the chest AIS chest =1 group who underwent treatment. In group 2, 26 (11.1 %) patients underwent an arch aortogram. They were all negative. Four people in this group underwent internal fixation of thoracic spine fractures. Two patients underwent thoracotomies for uncontrolled haemorrhage.
Sixteen patients in the AIS chest 3 group had negative arch aortograms, and one had a positive aortogram. This was subsequently treated nonoperatively. There were three thoracic spine fixations and nine thoracotomies. Two patients had surgical repair of injuries to their tracheas.
There were 12 negative aortograms in the AIS chest 4 group. Seven people underwent thoracic spine fracture fixation. Overall, there were eight thoracotomies.
Nine people had negative aortograms and nine had positive aortograms in the AIS chest 5 group. All the patients with positive results had surgical treatment of their aortic injuries. Fifteen patients underwent thoracotomies.
Two patients from the AIS chest 6 group that were transferred to the operating room died due to uncontrolled haemorrhage.
The outcome of the operated patients in all AIS chest groups is demonstrated in Table 6 .
Mortality
The overall mortality in patients with blunt chest trauma reached 218 (18.7%). As expected, patients of group 6 had the highest mortality rate (100%). Interestingly, patients of group 1 (chest AIS=1) had a higher mortality rate than group 2 and 3 patients (Chart 5).
Charts 6-8 demonstrate the correlation between chest AIS, associated injuries and mortality.
Discussion
The systematic stratification of trauma by means of different scores is continuously validated and updated [19] . AIS-based systems (Abbreviated Injury Scale) have been extensively used in the literature, estimating ISS (Injury Severity Score) as a classical method of assessment of injury severity. There is an ongoing debate among alternative grading scores including the International Classification of Diseases (ICD-based systems), New Injury Severity Score (NISS) [18] , Thoracic Trauma Severity [19] , Hannover Polytrauma Score (PTS) [20] and systems that include physiological data such as the Trauma Injury Severity (TRISS) [6] or the Acute Physiology and Chronic Health Evaluation (APACHE) [15] score. However, the superiority of these grading scores in predicting outcome is restricted by their complexity [10] . The severity of the specific injuries in this study was graded according to the Abbreviated Injury Scale which has been validated to correlate with the impact of the injury to the overall survival of the patient [10] . This is also borne out in this study with the patients in the higher AIS groups having both a higher overall ISS and mortality rate. However, the efficiency of AIS has been extensively debated [2, 8, 10, 16] . One of the characteristics of the ISS is that it does not always have a linear relationship with mortality [8] .
Clarke et al. [10] in a series of 41,364 patients, concluded that ICD-9 coding adequately predicts survival based on anatomical injury alone, with no advantage from extra coding of AIS codes. The same authors have noticed that although the mortality rate was related to AIS score, as expected, there was one exception, that is, patients with a single injury and an AIS score of 1 had a higher mortality rate than patients whose single injury had an AIS score of 2, 3 or 4. This was thought to be associated with incomplete diagnostic workup that could only be verified by autopsy. In our series, the unexpected finding was the higher ISS and significantly higher mortality in those with AIS chest score of 1 compared to those with AIS chest score of 2. This was a running theme throughout the other parameters investigated.
Our review of the literature has yielded a small number of sound reports specifically looking at the effects of thoracic trauma on injury severity and outcome [9, 11, 13, 19, 20, 22] . Thoracic trauma bears a significant weight in the debate as to the fundamental decision between early total care (ETC) versus damage control orthopaedics (DCO) [16] .
In their series of 1,495 blunt polytrauma patients with thoracic injury, Pape et al. [19] concluded that radiographically determined injuries to the lung parenchyma have a closer association with adverse outcome than chest wall Chart 6 Mortality in patients with abdomen injury injuries but are often not diagnosed 24 hours after injury. However, they stressed the fact that decisions for early total care, such as surgery for long bone fractures, may be flawed if this information is used alone. Consequently, they have introduced a thoracic trauma severity score (TTS) [19] in order to improve the accuracy of prediction of outcome. Richter et al. [20] examined 581 car occupants who sustained a thoracic injury. They averaged an AIS chest =2.5 and ISS=24.2. Although less severe chest injuries were included in this series (in our series AIS chest =3.15±1.01 and ISS=26.7), their results are also in keeping with the finding that the severity of thoracic injury is a prognostic factor of clinical course.
Clark et al. [9] reviewed 144 trauma patients with flail chest and/or pulmonary contusion. In this series the mortality rate was more than doubled when a combined pulmonary contusion and flail chest (42%) were present. Overall, factors found to be associated with a higher morbidity and mortality included severe associated thoracic injuries, a high ISS, the presence of shock, falls from heights, and the combination of pulmonary contusion and flail chest. Chest trauma (AIS>2) was also among the factors associated with increased mortality in patients with pelvic fractures, as has been shown in the study of Gustavo Parreira et al. [11] . In the same study, interestingly, the severity of the pelvic fracture itself, in terms of characteristics of or the type, didn't significantly correlate with the mortality rate.
MORTALITY IN PATIENTS WITH HEAD INJURY
Recent evidence by Hildebrand et al. [12] has shown that polytraumatised patients with blunt chest trauma have shown significant differences in mortality and morbidity between two separate groups of patients treated in Germany and the United Kingdom, respectively. Even though demographic data and injury pattern of the two patient populations did not significantly differ, mortality in the United Kingdom was 9% higher than in Germany. The authors postulated that treatment could be more beneficial with: (a) more aggressive initial blood transfusion protocols, (b) kinetic therapy in ICU, and (c) prolonged ICU versus HDU treatment.
Our study attempts to present significant data as to the epidemiology and outcome of blunt chest injuries to overall severity and outcome of polytraumatised patients. A weak point is the inability to draw sufficient conclusions as to the aetiology of the results (especially regarding mortality of the AIS chest 1 group), due to the lack of trauma scoring by systems that include physiological parameters. Despite this limitation, our study has a significant exception to add, that is, minor chest injuries (AIS chest =1) were associated with mortality comparable to injuries involving an AIS chest =3. Additionally, the vast majority of polytraumatised patients with an AIS chest =1 died in ICU soon after admission (time to death of 2.5 days on average is only longer than AIS chest =6). Admission GCS was also comparable to AIS chest =3. Overall, apart from AIS chest =6, the most lethal combination of injuries involved an AIS head =5 with an AIS chest =1.
The distribution of associated injuries was independent of the injury severity of the chest. This can be seen from the balanced distribution of the head, abdominal, and extremities injuries in the six AIS chest groups. As a result, the blood transfused to the patients of the six groups did not differ significantly. The high percentage of head injuries in AIS chest 1 group can be attributed to the initial absorption of the impact of injury by the head. However, the mean GCS score didn't significantly differ among the six groups.
Patients that were transferred to the operating theatre acutely had higher mortality rate than those who where operated in a later stage. The only exception is that patients of the AIS chest 6 group died irrespective of the timing of surgery. Even though we have no specific data to clarify the reasons why some patients went acutely to the operating room and others did not, it seems that the concept of "early total care" [14] is once again under reconsideration. Studies have shown that "borderline patients", that is, patients with severe head, thoracic or chest trauma and patients with high Injury Severity Score [17] , have better chances of survival when the treatment approach of "damage control" [21] is applied.
Conclusions
Patients with blunt chest trauma in the higher AIS groups had both a higher overall ISS and mortality rate. In contrast to the impact of higher severity, minimal chest injury severity (AIS chest 1) showed higher ISS and significantly higher mortality compared with AIS chest 2 or 3. In these groups of patients we speculate that the chest was spared, as most of the impact during the course of the accident was absorbed by the head (head injury). This theory also explains the shorter time period before death seen in patients belonging to the AIS chest 1 group.
